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For most plant communities on Marion Island (47°S, 38°E), mineralization of the large reserves of organic 
matter is the main process supplying nutrients for plant growth. However, due to the constantly low tempera-
ture, soil acidity and waterlogging, rates of nutrient release mediated by microorganisms alone are too low to 
account for the amounts taken up by the vegetation. Microcosm studies showed that the rate of inorganic 
nutrient release from plant litter is generally enhanced by moth larvae, earthworms, weevil larvae and adults, 
snails and slugs. Overall, moth larvae and slugs exerted the greatest influence across all nutrients tested 
(nitrogen, phosphorus, calcium, potassium, magnesium and sodium), although the effect was most consis-
tently significant for nitrogen and phosphorus. The influence of the other invertebrate species was mostly 
limited to particular animal/nutrient combinations, which were fairly consistent across litter types, e.g. 
earthworms for nitrogen and phosphorus, snails for calcium and weevil adults for potassium. These findings 
suggest that, by 'short-circuiting' the slow microbially mediated mineralization of nutrients from organic 
matter, soil invertebrates are important agents of nutrient cycling on the island. 
Die meeste plantgemeenskappe op Marioneiland (4 rs, 38°0) is vir hulle voedingstowwe van mineralisasie 
van die groot organiese reserwes afhanklik. Weens die voortdurend lae temperature, die suurheid en die 
waterdeurdrenktheid van die grond, kan die vrystelling van voedingstowwe a.g.v. mikroorganisme-aktiwiteite 
nie die hoeveelhede verklaar wat deur die plante opgeneem word nie. In isolasiehouers (mikrokosmosse) is 
aangetoon dat motlarwes, erdwurms, kalanderlarwes en -volwassenes, slakke en naakslakke, die vrystelling 
van anorganiese minerale uit plantreste versnel. Motlarwes en slakke het oor die algemeen die grootste 
bydrae tot die vrystelling van aile voedingstowwe (stikstof, forlor, kalsium, kalium, magnesium en natrium) 
gelewer, alhoewel die effek deurentyd vir stikstof en fosfor die beduidendste was. Die invloed van die ander 
invertebrate was hoofsaaklik tot spesifieke dierlvoedingstofkombinasies beperk wat redelik konstant was vir 
al die plantreste - erdwurms het veral stikstof en fosfor vrygestel, terwyl slakke veral kalsium en volwasse 
kalanders veral kalium vrygestel het. Die bevindinge het aangedui dat invertebrate belangrike agente in 
voedingstofsiklusse op die eiland is deurdat hulle die stadige mikrobiologiese mineralisasie 'kortsluit'. 
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Introduction 
High net primary production on Marion Island (47°S, 38'E) 
(Huntley 1972; Smith 1987a,b) results in a substantial 
annual requirement for nutrients by the vegetation (Smith 
1988). Excepting for sodium, nutrient inputs through preci-
pitation and (for nitrogen) biological fixation are much too 
small to meet these requirements (Smith 1984, 1987c). 
Since other inputs (e.g. seal and seabird manuring, sea-
spray) are also negligible at most plant communities away 
from the shore zone, it has been proposed (Smith 1988) that 
the bulk of the nitrogen, phosphorus, potassium and calcium 
(and probably a significant proportion of the magnesium) 
taken up by the vegetation is provided by mineralization of 
the large reserves of organic forms of these nutrients. Due to 
constantly low temperatures, soil acidity and waterlogging, 
however, mineralization based entirely on microbial activity 
is too slow to replenish the pool of plant-available nutrients, 
even in winter when the vegetation's demand is small 
(Smith & Steenkamp 1992). It has been suggested (Crafford 
1990; Smith & Steenkamp 1990, 1992) that the large 
numbers of soil macroinvertebrates found on the island, 
most of which are detritivores or microbivores, may be 
important agents of nutrient cycling by 'short-circuiting' the 
slow, microbially mediated mineralization of nutrients from 
litter and peat. In this paper we present the results of an 
investigation which examined this suggestion. 
Methods 
Microcosms similar to those described by Anderson and 
Ineson (1982) were used. Each consisted of an upright, 140 
mm long, 75 mm diameter perspex cylinder with a sloping 
base and loose-fitting lid. The lower end of the base was 
fitted with a nipple connected to a plastic tube. An inner, 
removable cylindrical container (75 mm long, 65 mm diam-
eter), closed at both ends with 400-mesh polyester netting, 
contained the plant litter and the soil macroinvertebrates. 
The litter used was standing dead leaf material or, for the 
two bryophytes studied, brown parts of shoots. It was col-
lected from various habitats, air-dried and cut into small 
(approx. 3 x 3 mm) pieces. Two grams of litter (air-dried 
mass) was added to each of 12 microcosms, along with a 
O.5-ml inoculum of fresh litter homogenized in distilled 
water. The microcosms were then filled with water, left 
overnight and drained. This removed readily soluble 
nutrients which had been mobilized during the drying and 
rewetting process. Separate subsamples of the air-dried litter 
were oven-dried (l05°q to constant mass. To six micro-
cosms ('animal microcosms') invertebrates collected from 
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the same habitats as the plant litter were added. The remain-
ing six microcosms without animals formed the 'control 
microcosms' . 
Six invertebrate 'types' (species, adults or larvae) and the 
litter of seven plant species were used in the investigation, 
in the combinations listed in Table 1. The numbers of 
animals added to each microcosm are also listed in the table. 
Immediately after adding the animals (time 0) the micro-
cosm contents were leached as follows. Distilled water (100 
m!) was pumped through the tube into the microcosm and 
then allowed to drain back into a lOO-ml volumetric flask. 
The microcosms were then put either into an incubator at 
WOC or into a wooden box in the field. Maximum and 
minimum temperatures in the box were measured daily. At 
irregular intervals (2 - 34 days) the microcosm contents 
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were leached. Calcium, magnesium, sodium and potassium 
concentrations in the leachate were measured by atomic 
absorption spectrophotometry. N~-nitrogen was determined 
by the phenol-hypochlorite reaction (Solorzano I %9) and 
NOz-nitrogen and N~-nitrogen by the Greiss-Iiosvay reac-
tion, NO)" first being reduced to N02 with spongy cadmium 
(Mackereth et al. 1978). Phosphate-phosphorus was deter-
mined using the phosphomolybdate blue method of Murphy 
and Riley (1962). From the leachate concentrations, the 
amounts of nutrients released per gram oven-dry mass of 
litter or peat were calculated, using the ratio of air-dry : 
oven-dry masses. 
Nutrient mineralization rates were estimated by regressing 
the cumulative totals (micrograms per gram litter) released 
at successive leaching dates against time (days). The slopes 
Table 1 Combinations of plant litter, peat and invertebrate species used in the microcosm studies" 
Poa Azorella Cotula Acaena !amesoniella Blepharidophyllum Blechnum 
cookii selago plunwsa magellanica colorata densifolium penna-marina 
Pringleophaga marioni lruvae 2 2 2 NT 2 NT 2 
Microscolex kerguelarum 2 2 2 NT 2 NT NT 
Ectemnorhinus adults 5 5 NT 5 NT 5 NT 
Ectemnorhinus lruvae 8 NT NT NT NT 8 NT 
Notodiscus Mokeri 5 5 NT NT NT NT NT 
Deroceras caruanae 3 3 NT 3 NT NT NT 
, Values in the columns indicate the numbers of the particular invertebrate added to each microcosm (NT = combination not tested). 
Table 2 Rates (f-lg g-1 litter day-1) of nutrient release from microcosms containing plant litter alone (C) or plant litter 
and moth (Pring/eophaga marian!) larvae (A). The significance of the stimulation of release rates (difference, 0) is 
indicated at P = 0.05*, 0.01 **, 0.001 ***. Fiducial limits are standard errors 
Litter type 
P. cookii A. selago J. colorata 
Temperature (0C) 
Mean 6.3 5.5 10' 
Abs. min. -3.1 -D.5 
Abs. max. 16.5 16.0 
Daysb 70 62 27 
Inorganic NC C 0.45 ± 0.112 0.93 ± 0.054 0.94 ± 0.036 
A 0.84 ± 0.099 9.00 ± 0.436 1.22 ± 0.042 
D 0.39" 8.07"'*" 0.28 .... 
P C 0.11 ± 0.036 0.75 ± 0.013 0.19 ± 0.119 
A 0.30 ± 0.062 2.41 ± 0.103 0.22 ± 0.138 
D 0.19" 1.66*** 0.03 
K C 3.61 ± 0.355 2.96 ± 0.235 3.97 ± 0.501 
A 5.35 ± 0.604 4.77 ± 0.428 4.52 ± 0.404 
D 1.74" 1.81** 0.55 
Ca C 2.84 ± 1.055d 0.79 ± 0.021 0.38 ± 0.081 
A 3.02 ± 0.682d 2.69 ± 0.124 0.71 ± 0.084 
D 0.18 1.90"'*" 0.32* 
Mg C 1.95 ± 0.590 0.55 ± 0.090 0.35 ± 0.014 
A 2.31 ± 0.631 2.28 ± 0.182 0.38 ± 0.019 
D 0.36 1.72"'** 0.03 
Na C 4.24 ± 1.167 3.49 ± 0.450 2.07 ± 0.119 
A 3.90 ± 1.182 5.23 ± 0.401 2.90 ± 0.196 
D -D.34 1.74" 0.83" 
, Experiment carried out at constant 10°C. 
b Period (days) of measurements used in calculations of release rates. 
C For all types of litter, NH4-rutrogen was the only inorganic nitrogen form released. 
d Rates calculated over 15 days. 
C. plumosa B. penna-marina 
7.3 10' 
0.5 
16.0 
40 41 
1.11 ± 0.082 0.38 ± 0.008 
8.32 ± 0.451 4.15 ± 0.482 
7.21 ...... 3.77 ...... 
0.59 ± 0.148 0.22 ± 0.055 
0.78 ± 0.234 1.55 ± 0.208 
0.19 1.33*** 
33.39 ± 3.467 0.72 ± 0.103 
35.61 ± 4.569 5.49 ± 0.273 
2.22 4.77*** 
26.10 ± 1.872 1.06 ± 0.092 
35.24 ± 2.552 2.17 ± 0.244 
9.14* 1.11** 
32.96 ± 2.905 2.75 ± 0.096 
38.96 ± 4.010 4.46 ± 0.230 
6.00 1.71 ...... 
68.95 ± 8.381 2.34 ± 0.089 
67.36 ± 9.174 5.05 ± 0.254 
-1.59 2.71 ...... 
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Results 
Moth (Pringleophaga marioni) larvae 
of the linear regressions and their standard errors yielded 
mean release rates (micrograms per gram per day) and their 
standard errors respectively. The significance of the 
differences between rates for animal and control micro-
cosms was tested by dividing the differences between the 
respective slopes by the standard errors of the differences 
between regression coefficients and evaluating the quotient 
against two-tailed t-table values. 
For all five plant litters tested, significantly greater 
quantities of NH4-nitrogen were released from microcosms 
containing litter and two P. marioni larvae than from control 
microcosms containing litter only (Figure 1 and Table 2). 
The effect was smallest for the bryophyte lamesoniella 
colorata and largest for Azorella selago litter, which forms a 
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Figure 1 Cumulative amounts (lJ.g g-l litter) of nutrients released with time from microcosms containing plant litter in the presence 
(solid curves) or absence (dashed curves) of moth (Pringleophaga mariOn!) larvae. Vertical bars indicate standard deviations. 
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major dietary item of this larva (Crafford 1990). NOr 
nitrogen and NOz-nitrogen were not found in the microcosm 
leachates during the experiments with P. marioni. The 
larvae significantly enhanced phosphorus and potassium 
release from Poa cookii, Azorella selago and Blechnum 
penna-marina litter. For 1. colorata litter, phosphorus was 
found in the microcosm Ieachates on the first two sampling 
dates but not thereafter and the total amounts released from 
control and animal microcosms were similar. Rates of potas-
sium release from the bryophyte litter in the presence or 
absence of larvae were about four times higher than those of 
NH4-nitrogen, so the release of this element was probably 
governed by abiotic leaching processes. Overall, rates of 
potassium loss over the 27 days of the experiment were not 
significantly influenced by the larvae, but the differences 
between the two treatments in the amounts appearing in the 
Icachates increased with time. It is therefore possible that 
the larvae were beginning to have an effect in the later 
stages of the experiment. In the case of Cotula plumosa 
litter, phosphorus losses from both treatments were large 
and although the enhancement by animals (0.197 J..Lg g-I 
day-I) was similar to that shown for P. cookii litter (0.198 
J..Lg g-I day-I), it was not significant at P ::;;; 0.05. Similarly, 
rates of potassium, calcium, magnesium and sodium release 
fTOm C. plumosa litter, with and without larvae, were up to 
two orders of magnitude higher than from the other litters. 
In terms of the absolute increases in the amounts of potas-
sium, calcium and magnesium released, larvae had a greater 
effect with C. plumosa than with any other litter (except for 
magnesium from B. penna-marina) but the enhancement 
was significant at P < 0.05 only in the case of calcium. 
Moth larvae also significantly enhanced rates of calcium 
release from the other litters, except in the case of P. cookii 
where, due to failure of the atomic absorption lamp, calcium 
could only be determined on the first three leaching dates. 
By the third leaching date the amounts of calcium released 
from the two treatments were beginning to diverge (Figure 
1). A stimulation of magnesium losses was found for all the 
litter types but was significant at P ::;;; 0.05 only for A. 
selago and B. penna-marina. 
Larvae significantly enhanced losses of sodium from litter 
of A. selago, 1. colorata and B. penna-marina. Surprisingly, 
the greatest influence on nutrient release from 1. colorata 
litter on a mass basis was for sodium; in fact, large 
quantities of sodium (compared with nitrogen, phosphorus, 
calcium or magnesium) were leached from 1. colorata litter 
even without larvae, despite the fact that sodium concen-
trations in this bryophyte are low (Russell 1987). Some of 
the leaf sodium is not contained in the leaves but is adsorb-
ed onto the leaf surface (unpublished observations, V.R.S.) 
and possibly displacement of some of the adsorbed sodium 
caused the high concentrations in the microcosm leachates. 
The enhancement of sodium concentrations in the presence 
of larvae could either be due to increased loss of bound (i.e. 
tissue) sodium caused by feeding activities of the larvae 
(e.g. comminution, sodium excretion), or to increased 
displacement of adsorbed sodium caused by the excretion of 
positively charged substances by the larvae. 
Earthworms (Microsco/ex kergue/arum) 
Two earthworms added to the microcosms significantly 
enhanced rates of NH4-nitrogen release from all four litters 
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tested (Figure 2, Table 3) and, as with the moth larvae, the 
smallest effect was with 1. colorata litter. The largest effect 
was for C. plumosa litter where earthworms caused a 
I2-fold increase in NH4-nitrogen release. Nitrate-nitrogen 
was released from P. cookii and A. selago litter. With P. 
cookii it was found at low concentrations and only on some 
leaching dates (days 2 and 34 for controls and days 2, 34 
and 41 for microcosms with worms), and even then not in 
all the replicates. Over the 86 days a mean total of only 4.7 
J..Lg N03-nitrogen g-I dry litter was leached from the control 
microcosms and 2.4 J..Lg g- I from the earthworm 
microcosms. With A. selago litter, NOrnitrogen appeared 
for the first time on day 60 in the controls and on day 38 in 
the animal microcosms (Figure 3). Subsequently, the cumu-
lative amounts released increased rapidly so that by day 78, 
I2 J..Lg NOrnitrogen g- I litter had been released from 
controls and 26.2 J..Lg g- I litter from microcosms with 
earthworms. Although the effect of worms was highly signi-
ficant, losses of NOrnitrogen for both treatments were far 
lower than the corresponding losses of NH4-nitrogen 
(compare Figures 2 & 3). In Table 3 the amounts of in-
organic nitrogen released were calculated from regression 
analyses of the cumulative totals of NH4 -nitrogen plus NOr 
nitrogen. 
Earthworms significantly increased phosphorus release 
from P. cookii and A. selago litter but not from 1. colorata 
litter. The patterns of phosphorus loss from the bryophyte 
tissue were similar to those shown in the experiment with P. 
marioni, i.e. for both treatments there was a loss over the 
first 15 days only. As was the case with the moth larvae, the 
difference between control and animal microcosms in rates 
of phosphorus release from C. plumosa were identical to 
those for P. cookii but were not significant at P ::;;; 0.05. 
Earthworms had little influence on losses of potassium, 
calcium, magnesium and sodium (Figure 2), except with 1. 
colorata litter where magnesium was released significantly 
(P = 0.05) faster in the presence of earthworms and where 
the differences between treatments in the amounts of 
calcium, potassium and sodium released increased toward 
the end of the experiment. In all three instances the 
cumulative totals released differed significantly (P ::;;; 0.05) 
between treatments, although the overall rates calculated by 
linear regression were significantly different only at the 90% 
confidence level. 
Weevil (Ectemnorhinus simi/is) adults 
Five E. similis adults added to P. cookii or Acaena 
magellanica leaf litter did not significantly enhance the 
losses of any of the nutrients studied over levels found for 
litter alone (Figure 4, Table 4) . They substantially increased 
rates of NH4-nitrogen release from litters of A. selago and 
the bryophyte Blepharidophyllum densifolium. The only 
other significant increases in nutrient losses in the presence 
of weevils were for phosphorus and potassium from A. 
selago litter and potassium from B. densifolium litter. No 
N~- or NOz-nitrogen was detected from any of the micro-
cosms during the experiments with weevil adults. Phosphor-
us loss from the bryophyte litter occurred only over the first 
9 days . On day 9 a mean of 11 J..Lg g- I litter was found in 
animal microcosms and 6 J..Lg g-I litter in control micro-
cosms (difference significant at P = 0.05). After this no 
further phosphorus was released, a similar situation to that 
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Figure 2 Cumulative amounts (flog g-l litter) of nutrients released with time from microcosms containing plant litter in the presence 
(solid curves) or absence (dashed curves) of earthworms (Microscolex kerguelarum). Vertical bars indicate standard deviations. 
found for bryophyte litter with other invertebrate species 
(Figures 1, 2 and 5) and also for Poa cookii litter in this 
experiment (Figure 4). Over the last four weeks of the 
experiment, the amount of phosphorus released from A. 
magellanica litter without weevils was five times greater 
than from litter with weevils, so that overall the rate of 
phosphorus release from control microcosms was signifi-
cantly greater than from microcosms with weevils (Table 4). 
N~-nitrogen was also lost faster in the absence of weevils 
but the difference was not significant at P ~ 0.05. 
Weevil (Eclemnorhinus sp.) larvae 
The larvae of Ectemnorhinus simi/is are morphologically 
indistinguishable from those of E. marioni and it is likely 
that both were represented in the microcosm experiment. 
They were tested with P. cookii and Blepharidophyllum 
densifolium litters but only had an effect on nutrient release 
from the latter (Figure 5, Table 5). Phosphorus was found in 
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Table 3 Rates (~g g-' litter day-') of nutrient release from microcosms containing 
plant litter alone (C) or plant litter and earthworms (Microscolex kerguelarum) (A). 
The significance of the stimulation of release rates (difference, D) is indicated at P = 
0.05··,0.01···, ·0.001···. Fiducial limits are standard errors 
Temperature n 
Mean 
Abs. min. 
Abs. max. 
Daysb 
Inorganic W C 
P 
K 
Ca 
Mg 
Na 
A 
D 
C 
A 
D 
C 
A 
D 
C 
A 
D 
C 
A 
D 
C 
A 
D 
P. cookii 
10' 
86 
0.66 ± 0.122 
1.41 ± 0.255 
0.75" 
0.42 ± 0.Q38 
0.62 ± 0.071 
0.20" 
3.53 ± 0.306 
3.63 ± 0.279 
0.10 
1.63 ± 0.1 02d 
1.62 ± 0.076d 
-fJ.01 
3.43 ± 0.423 
3.05 ± 0.326 
-fJ.38 
2.66 ± 0.555 
3.02 ± 0.626 
0.36 
, Experiment carried out at constant 10°C. 
Litter type 
A. selago 
5.7 
-0.5 
16.0 
76 
0.62 ± 0.051 
2.77 ± 0.103 
2.15 ...... 
0.52 ± 0.013 
1.15 ± 0.034 
0.63 ...... 
2.49 ± 0.181 
2.98 ± 0.227 
0.49 
0.71 ± 0.045 
0.76 ± 0.034 
0.05 
0.60 ± 0.057 
0.56 ± 0.075 
-fJ.04 
2.30 ± 0.269 
2.67 ± 0.322 
0.37 
J. colorala 
10' 
27 
0.94 ± 0.036 
1.21 ± 0.074 
0.27" 
0.19 ± 0.119 
0.21 ± 0.134 
0.02 
3.97 ± 0.501 
5.27 ± 0.670 
1.30 
0.38 ± 0.082 
0.41 ± 0.064 
0.03 
0.35 ± 0.014 
0.41 ± 0.013 
0.06" 
2.07 ± 0.119 
2.74 ± 0.214 · 
0.67 
b Period (days) of measurements used in calculations of release rates. 
c. plumosa 
7.3 
0.5 
16.0 
40 
0.64 ± 0.065 
7.97 ± 1.315 
7.33 .... 
0.95 ± 0.231 
1.14 ± 0.353 
0.19 
37.14 ± 5.074 
38.38 ± 3.488 
1.24 
29.11 ± 1.830 
26.29 ± 1.722 
-2.82 
34.73 ± 2.777 
30.52 ± 2.108 
-4.21 
61.66 ± 4.300 
56.61 ± 4.668 
-5.05 
C For J. colorala and C. plumosa litter, N~-nitrogen was the sale form of inorganic nitrogen release. 
For P. cookii, N03-nitrogen was occasionally found in the leachate and for A. selago, N03-nitrogen 
formed a significant fraction (up to 25%) of the total inorganic nitrogen in microcosm leachates. 
d Rates calculated for 32-day period. 
lcachates only on the first sampling date (no difference 
between treatments) and not thereafter. The enhancements 
of calcium (18%) and sodium (16%) release by larvae from 
B. densifolium litter were not significant at the 95% 
confidence level but those for N~-nitrogen, potassium and 
magnesium were. NOr or N02-nitrogen was not released 
during the experiment with weevil larvae. 
Snails (Nolodiscus hookeri) 
With P. cookii litter, snails significantly (P = 0.05) en-
hanced the loss of calcium only (Table 6 and Figure 6). As 
was the case with adult or larval weevils, snails had no 
effect at all on N~-nitrogen release from the grass litter. In 
contrast, they markedly increased losses of NI4-nitrogen, 
phosphorus and calcium from A. selago litter. No N03 - or 
N~-nitrogen was released in this experiment. 
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Figure 3 Release of N03-nitrogen from microcosms containing 
Azorella selago litter in the presence (solid curve) and absence 
(dashed curve) of earthworms. Vertical bars indicate standard 
deviations. 
Slugs (Deroceros caruana e) 
These man-introduced slugs (Smith 1991) had the greatest 
influence on nutrient release of all the invertebrates 
examined, except perhaps for Pringleophaga marioni larvae. 
They significantly enhanced nitrogen, phosphorus and potas-
sium losses from all three litter types tested (Table 7 and 
Figure 7). For A. selago and P. cookii, slugs also 
significantly increased the rates of release of calcium, 
magnesium and sodium. In the case of Acaena magellanica, 
the effects of slugs on calcium, magnesium and sodium loss 
were not significant at the 95% level but were between 2 
and 13 times larger than for the other two litters. NOr 
nitrogen was found in leachates from the A . selago 
microcosms from day 39 onwards and concentrations were 
always higher from microcosms containing slugs. The 
S.Afr.J.Bot., 1992,58(2) 111 
P. cookii A. selago B. densif'olium A. magellanica 
ae 413 313 aee 
15 r 313 1513 / ? ae NH ·N 113 ae lee 4 A' ~ • 113 5 113 -.. - 513 .......... II ........ .-
.:' 13 13 13 13 , 
13 113 ae 313 413 13 ae 413 613 13 113 ae 313 413 13 ae 413 613 se 
p 
113 j.--j--j------~ 613 15 1513 S I f 6 413 4 113 1013 ,! 4 ae yd,+l 5 I------I----! 513 
a ~ 
13 13 13 13 
13 113 ae 313 413 13 ae 413 613 13 113 ae 313 413 13 ae 413 613 se 
613 51313 51313 / aeee f#=1 41313 41313 151313 •• ,,' I 413 31313 31313 fr " , .. ,1-" 1131313 ae aee aee j lee f .. lee 51313 . K 
13 13 13 13 
e 113 ae 313 413 13 ae 413 613 13 113 ae 313 413 13 ae 413 613 se 
:::1 rl:: aeeel ( < Not ~ 151313 determined , ' 113 100'1 513 5 V 51313 
13 13 13 ' ~ 
Ca 
13 ae 413 613 13 113 a13 313 413 13 a13 413 613 S13 
lee / 313 / 15r a131313t /j 1 S13 ~ 1 a13 113 151313 .1 Mg 613 1 I 413 1131313 .I 1 113 /' 5 ae , . 51313 /' l 13 13 13 13 
13 113 a13 313 413 13 a13 413 613 13 113 a13 313 413 13 a13 413 613 S13 
aee 51313 513 see , 
1513 r 41313 / 413 / 61313 / Na lee 31313 313 al313 a13 41313 513 a1313 r lee 113 t 
J 13 13 13 e· 
13 113 ae 313 413 13 a13 413 613 13 113 a13 313 413 13 a13 413 613 S13 
Time (days) 
Fi!,rure 4 Cumulative amounts (fl-g g-l litter) of nutrients released with time from microcosms containing plant litter in the presence 
(solid curves) or absence (dashed curves) of adult weevils (Ectemnorhinussimilis). Vertical bars indicate standard deviations. 
difference increased with successive sampling dates so that 
by day 79 the cumulative amount of N03-nitrogen released 
with slugs was almost 70% higher than without slugs 
(Figure 8). However, the stimulation of NOrnitrogen 
release was much smaller than the 16-fold enhancement of 
N~ release. 
Discussion 
Adding animals to microcosms containing plant litter 
generally resulted in enhanced losses of nutrients compared 
to controls, although in many cases the individual effects 
were not significant. The influences of moth larvae, slugs 
and earthworms were generally about an order of magnitude 
greater than those of weevil adults and larvae or snails. 
The most marked (and consistent) effect of animals in 
terms of the amounts of nutrients released per gram litter 
dry mass was for nitrogen. In 16 of the 20 experiments, 
animals significantly enhanced rates of inorganic nitrogen 
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Table 4 Rates (fLg g-1 litter day-1) of nutrient release from microcosms containing 
plant litter alone (C) or plant litter and weevil (Ectemnorhinus similis) adults (A). The 
significance of the stimulation of release rates (difference, D) is indicated at P = 
0.05*,0.01 **, 0.001 ***. Fiducial limits are standard errors 
Litter type 
P . cookii A. selago B. densifolium A . magellanica 
Temperature (0) 
Mean 8.2 9.4 9.2 9.4 
Abs. min. -3.1 1.0 1.0 1.0 
Abs. max. 17.0 19.5 17.5 19.5 
Days' 34 46 29 55 
Inorganic NC C 0.22 ± 0.106 0.42 ± 0.025 0.24 ± 0.007 2.91 ± 0.392 
A 0.25 ± 0.116 0.62 ± 0.044 0.48 ± 0.054 2.54 ± 0.263 
D 0.03 0.20** 0.24* "'{}.37 
P C 0 0.63 ± 0.045 0 1.26 ± 0.388 
A 0 1.04 ± 0.088 0 0.27 ± 0.085 
D 0.41 ** ...{} .99* 
K C 0.05 ± 0.041 5.84 ± 0.324 7.13 ± 0.242 28 .77 ± 6.357 
A 0.09 ± 0.070 7.49 ± 0.491 8.30 ± 0.076 29.51 ± 1.994 
D 0.04 1.65* 1.17* 0.74 
Ca C NDc 1.94 ± 0.343 0.28 ± 0.035 36.45 ± 6.457 
A NDC 2.30 ± 0.468 0.33 ± 0.016 37.02 ± 4.660 
D 0.36 0.04 0.57 
Mg C 2.37 ± 0.140 0.65 ± 0.088 0.17 ± 0.024 31.54 ± 7.036 
A 2.28 ± 0.161 0.57 ± 0.058 0.20 ± 0.010 35.49 ± 4.973 
D ...{}.o9 ...{}.O8 0.03 3.95 
Na C 2.27 ± 0.812 7.20 ± 0.477 0.84 ± 0.139 8.12 ± 1.378 
A 2.42 ± 0.684 7.78 ± 0.507 0.75 ± 0.092 9.49 ± 1.167 
D 0.15 0.58 ...{}.o9 1.37 
• Period (days) of measurements used in calculations of release rates. 
b For all litter types, NH4-nitrogen was the only form of inorganic nitrogen released, with and without 
weevil adults. 
C Not determined. 
release and in all instances where moth larvae, earthworms 
or slugs were tested, they had a significant influence on 
nitrogen release. 
Animals significantly enhanced phosphorus release rates 
in half of the experiments. The presence of weevil adults 
with Acaena magel/anica litter was associated with a net 
immobilization of phosphorus. 
Moth larvae and slugs enhanced the release of potassium, 
calcium and magnesium and in most instances their effect 
was significant at P ~ 0.05. In contrast to their substantial 
influence on nitrogen and phosphorus mineralization, earth-
worms did not significantly effect rates of potassium or 
calcium release from any of the four litter types they were 
tested with, and in only one instance did they enhance 
magnesium release. Weevil adults or larvae and snails 
mostly had a much smaller effect on potassium, calcium or 
magnesium release than did slugs or moth larvae, but there 
were exceptions. For example, snails caused a significant 
enhancement of calcium release from the two litter types 
with which they were tested and weevil adults significantly 
enhanced the release of potassium, but not of calcium or 
magnesium, from Azorel/a selago and B. densifolium litter. 
In only four of the 20 experiments (three with moth 
larvae and one with slugs) did animals have a significant 
influence on rates of sodium release. 
In a few instances there were large differences between 
animal and control treatments in rates of inorganic nutrient 
release but which were not significant at P ~ 0.05. For 
example, of all the animal/litter combinations, the second 
largest effect on magnesium release was that of weevil 
adults with A. magel/anica litter, and snails had the second 
largest influence on potassium release from P. cookii litter. 
Similarly, slugs stimulated rates of calcium release with A. 
magellanica litter more than with P. cookii or A. selago 
litters, but the effect was significant only in the latter two 
instances. 
Anderson and Ineson (1984) found that the overall effect 
of several animal species on NH4 -nitrogen release from oak 
leaf litter was significantly related to animal biomass and 
suggested that the biomass and activity of the animals, 
rather than their taxonomic identity, were the significant 
variables in relation to their effect on nutrient release. 
Considered over all litter types and invertebrate species, in 
our study animal biomass was a poor determinant of the 
degree to which mineralization rates increased. It accounted 
for only between 1 and 38 % of the magnitudes of the in-
creases. Even within litter types the stimulation of release 
rates was only weakly, or not at all, correlated with animal 
biomass. For example, Poa cookii litter was tested with all 
six, and Azorella selago litter with five of the invertebrates 
considered in this investigation, and the data for these two 
litters were used to examine in more detail the relationship 
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Figure 5 Cumulative amounts (fLg g-l litter) of nutrients releas-
ed with time from microcosms containing plant litter in the 
presence (solid curves) or absence (dashed curves) of weevil 
(Ectemnorhinus sp.) larvae. Vertical bars indicate standard 
deviations. 
between the degree of stimulation of mineralization rates 
and animal biomass. Simple linear regression of the en-
hancement of nutrient release rate (J.1g day-I) against animal 
biomass (g) was used; other simple regressions (e.g. expo-
nential. log-log) did not yield significantly better correla-
tions. Overall. correlations (r2, 0.02 - 0.46) were weak: for 
calcium, magnesium, sodium and potassium release from 
113 
Table 5 Rates (J.1g g-1 litter day-1) of nutrient release 
from microcosms containing plant litter alone (C) or plant 
litter and weevil (Ectemnorhinus sp.) larvae (A). The 
significance of the stimulation of release rates (difference, 
D) is indicated at P = 0.05*, 0.01**, 0.001***. Fiducial 
limits are standard errors 
Litter type 
P. cookii B. densifolium 
Temperature ("C) 
Mean 6.3 9.2 
Abs. min. -3.1 1.0 
Abs. max. 16.5 17.5 
Days· 69 29 
Inorganic Nb C 0.57 ± 0.098 0.14 ± 0.021 
A 0.51 ± 0.118 0.27 ± 0.021 
D -iJ.06 0.12* 
P C O.DO ± 0.D08 0 
A 0.01 ± 0.009 0 
D 0.01 
K C 4.07 ± 0.409 6.27 ± 0.254 
A 4.28 ± 0.323 7.41 ± 0.055 
D 0.21 1.14* 
Ca C 2.47 ± 0.049 0.20 ± 0.021 
A 2.30 ± 0.147 0.25 ± O.OlD 
D -iJ.17 0.05 
Mg C 1.37 ± 0.184 0.10 ± 0.014 
A 1.30 ± 0.247 0.18 ± 0.010 
D -iJ.07 0.08* 
Na C 2.49 ± 0.488 1.50 ± 0.600 
A 2.17 ± 0.366 1.74 ± 0.720 
D -iJ.32 0.24 
• Period (days) of measurements used in calculations of release rates. 
b NI~-nitrogen was the only form of inorganic nitrogen released from 
the microcosms. 
both litter types. For nitrogen and phosphorus the correla-
tions (r2, 0.44 - 0.82) were stronger but not always signifi-
cant. However, litter type appeared to be an important factor 
in determining the degree of stimulation of nutrient release; 
for instance, the effects of animals were almost always 
much greater (often by an order of magnitude) with A. se-
lago than with P. cookii. 
For some of the experiments the microcosms were kept in 
incubators at a constant lOoe but in others they were kept in 
wooden crates in the field and maximum and minimum 
temperatures were recorded daily. Mean temperatures, 
calculated as the mean of the daily maximum and minimum 
temperatures, as well as of the absolute maximum and 
minimum temperatures recorded during each experiment, 
are given in Tables 2 - 7. In all cases, mean temperatures 
for 'field' microcosms were below lOoe, but on most days 
maximum values were > lOoe. The differences in mean 
temperatures at which the various animal/litter combinations 
were tested possibly contributed to the weak: correlations 
between animal biomass and the degree to which nutrient 
release was stimulated. However, this does not alter the 
main findings of our investigation, that slugs and moth 
larvae were the most effective agents of litter nutrient 
release, with earthworms almost as effective in the case of 
nitrogen and phosphorus, and that the other invertebrate 
species enhanced rates of release of particular nutrients only. 
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Table 6 Rates (fl.g g-1 litter day-1) of nutrient release 
from microcosms containing plant litter alone (C) or plant 
litter and snails (Notodiscus hooken) (A). The 
significance of the stimulation of release rates (difference, 
D) is indicated at P = 0.05*, 0.01 **, 0.001 ***. Fiducial 
limits are standard errors 
Litter type 
P. cookii A. selago 
Temperature ("C) 
Mean 10' 5.9 
Abs. min. -0.5 
Abs. max. 16.0 
Daysb 56 52 
Inorganic NC C 0.67 ± 0.057 0.46 ± 0.077 
A 0.62 ± 0.040 1.08 ± 0.116 
0 -f) .05 0.62** 
P C 0.67 ± 0.229d 0.02 ± 0.023 
A 0.78 ± 0.218d 0.77 ± 0.040 
0 0.11 0.15** 
K C 5.78 ± 0.763 3.24 ± 0.402 
A 6.44 ± 0.704 3.51 ± 0.398 
0 0.66 0.27 
Ca C 1.71 ± 0.129 0.77 ± 0.024 
A 2.48 ± 0.250 0.98 ± 0.030 
0 0.77* 0.22*** 
Mg C 2.42 ± 0.149 0.68 ± 0.111 
A 2.12 ± 0.154 0.71 ± 0.118 
0 -f).30 0.02 
Na C 3.06 ± 0.134 3.75 ± 0.383 
A 2.70 ± 0.131 3.87 ± 0.477 
D "'{}.36 0.12 
• Experiment carried out at constant 10°C. 
b Period (days) of measurements used in calculations of release rates. 
C For both litter types NH4-nitrogen was the sole inorganic nitrogen 
form released. 
d Rates of release measured over 40 days. 
Interestingly, moth larvae significantly (P < 0.05) en-
hanced release rates of all nutrients from litter of Blechnum 
penna-marina. This is somewhat unexpected since macro-
invertebrates are rarely found associated with this fern and 
occur only in very low numbers in communities (fem-
brakes) dominated by it. In fact, of all the island's 
communities, fembrakes contain by far the lowest numbers 
of moth larvae (Burger 1978). The fern litter (and even the 
living leaves) is similar in texture to bracken litter, being 
extremely tough and resistant to decay. For example, it 
exhibited a mean weight loss in nylon mesh bags of only 
0.04% per day, compared with from 0.11 to 0.25% per day 
for other vascular plant litters on the island (Smith 1987a,b). 
Nothing has been observed to feed on it or the living leaves 
and, like bracken, it may contain allelopathic compounds 
repellant or unpalatable to animals. Yet, judging from the 
large amount of frass produced, the moth larvae certainly ate 
it in the microcosms. If Blechnum litter is recalcitrant with 
regard to its digestibility, then the larvae may have had to 
consume (and egest) large quantities of it, which might 
explain why they had such a significant effect on nutrient 
release rates . 
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Figure 6 Cumulative amounts (,..,..g g-l litter) of nutrients releas-
ed with time from microcosms containing plant litter in the 
presence (solid curves) or absence (dashed curves) of snails 
(Notodiscus hooken). Vertical bars indicate standard deviations. 
Conclusions 
We have shown that on Marion Island soil macroinverte-
brates significantly affect nutrient (especially nitrogen and 
phosphorus) transfers as measured in tenns of minerals 
released into solution from plant litter. Overall, slugs and 
moth larvae are the most effective mediators of nutrient 
mineralization rates, having significantly enhanced rates in 
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Figure 7 Cumulative amounts (f.Lg g-I litter) of nutrients released with time from microcosms containing plant litter in the presence 
(solid curves) or absence (dashed curves) of slugs (Deroceros caruanae). Vertical bars indicate standard deviations. 
78% and 67%, respectively, of the litter/nutrient combi-
nations they were tested for. The other invertebrate species 
significantly increased nutrient mineralization in 25 - 33% 
of the litter/nutrient combinations tested, ascribable mainly 
to a few particular animaVnutrient combinations which 
showed fairly consistent effects across litter types, e.g. 
earthworms for nitrogen and phosphorus, snails for calcium 
and weevil adults for potassium. 
These observations support the hypothesis proposed in the 
introduction to this paper that soil invertebrates are 
important agents of nutrient cycling on Marion Island. 
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Table 7 Rates (~g g-1 litter day-1) of nutrient release 
from microcosms containing plant litter alone (C) or plant 
litter and slugs, Deroceras caruanae (A). The significance 
of the stimulation of release rates (difference, D) is 
indicated at P = 0.05', 0.01", 0.001···. Fiducial limits are 
standard errors 
Litter type 
P. cookii A. selago A. magellanica 
Temperature ("C) 
Mean 9.3 5.7 10" 
Abs. min. 1.0 4>.5 
Abs. max. 19.5 16.0 
Daysb 51 76 26 
Inorganic NC C 0.30 ± 0.054 0.64 ± 0.053 0.49 ± 0.034 
A 0.61 ± 0.086 8.79 ± 0.822 0.80 ± 0.079 
D 0.31* 8.15*** 0.31* 
P C 0.49 ± 0.050 0.31 ± 0.006 1.68 ± 0.201 
A 1.32 ± 0.173 3.02 ± 0.049 3.75 ± 0.121 
D 0.83** 2.71 *** 2.07*** 
K C 3.55 ± 0.352 1.61 ± 0.071 2.75 ± 0.448 
A 6.08 ± 0.733 3.35 ± 0.226 4.87 ± 0.356 
D 2.53* 1.74*** 2.12* 
Ca C 1.57 ± 0.178 0.64 ± 0.052 53.17 ± 2.892 
A 2.36 ± 0.196 1.00 ± 0.041 57.88 ± 2.890 
D 0.79* 0.36*** 4.71 
Mg C 2.20 ± 0.063 0.43 ± 0.039 20.72 ± 1.098 
A 2.75 ± 0.139 0.87 ± 0.043 22.46 ± 1.049 
D 0.55*** 0.44*** 1.74 
Na C 3.27 ± 0.255 2.16 ± 0.212 4.17 ± 0.727 
A 4.20 ± 0.331 3.53 ± 0.322 6.36 ± 0.896 
D 0.93 1.37** 2.19 
• Experiment carried out at constant lOoC. 
b Period (days) of measurements used in calculations of release rates. 
C For P. cookii and A. magellanica, NH4-nitrogen was the only form 
of inorganic nitrogen released. In the case of A. selago litter, after 
about 30 days NOrnitrogen was also found in the microcosm 
leachates. 
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